Foraging activity of four bee species, Apis mellifera L., Osmia spp., Ceratina tarsata Morawitz and Xylocopa pubescens Spinola on sesame flowers was studied during two successive seasons of 2011 and 2012. Experimental observations were made during four peri-
Foraging Activity of Four Bee Species on Sesame Flowers During Two Successive Seasons in Ismailia Governorate, Egypt INTRODUCTION
Co-evolution of flowering plants and their pollinators started about 225 million years ago (Price 1975; Maiti and Maiti 2011) . Flowering sesame plants and bees have a special relationship in which both benefit from each other. Bees get food and in return facilitate the pollination process. Bees visit flowers to collect pollen or nectar (Said 2012) . Insufficient number of suitable pollinators causes a decline in fruit and seed production (Partap 2001) . Of total pollination activities, over 80% are performed by insects, and bees contribute with nearly 80% of total insect pollination, which makes them the best pollinators (Robinson & Morse 1989) . Sesame blossom structure facilitates cross-pollination, even though the crop is usually viewed as self-pollinating. The rate of cross-pollination lies between 0.5% and 65%, depending on insect activity, environmental conditions and availability of other vegetation (Rakesh Kumar & Lenin 2000) . Ashri (2007) reported cross pollination rates of between 2.7 and 51.7% in Nigeria.
The objective of the present study was to record the foraging activities of four bee species on sesame flowers in Ismailia Governorate, Egypt, in order to identify the most important bees in different seasons and to include them in order to establish a balanced bee foraging system.
MATERIAL AND METHODS
The experiment was carried out at the experimental farm of the Faculty of Agriculture, Suez Canal University, Ismailia, Egypt, during the growing seasons of 2011-2012, randomly in all plots of a sesame crop that was raised for studies of pollinator fauna. Experimental observation was done during four periods of the day: 9:00-11:00 am, 11:00 am-1:00 pm, 1:00-3:00 pm and 3:00-5:00 pm starting with initial flowering until the final session 6-7 weeks later. The number of pollinators visiting each square meter area were counted for five minutes in each period. Five spots of 1 m 2 area were selected randomly, and the number of different species of visiting bees was counted for five minutes by using electronic stopwatch, voice recorder and digital video camera. The data were then averaged time-wise and specieswise to assess the most favourable period of the day for bee species to visit sesame flowers and the most dominant species in a day and at particular times of day.
Data obtained from the foraging activities were statistically analyzed using ANOVA (SAS Institute 2002) . When F-test was significant, means were separated using Tukey's Honestly Significant Difference (HSD) Test at the 0.05 level of significance.
RESULTS

Foraging activity of Apis mellifera on sesame
The foraging activity of Apis mellifera on sesame flowers was observed from 9:00 am to 5:00 pm beginning on the third day after flowering throughout the forty-five days of flowering during the growing seasons of 2011 and 2012. Foraging activity during the first week after the appearance of mean 6 flowers started at 9:00-11:00 am with 2.4 bees/m²/5 min and the maximum was reached at 1:00-3:00 pm with 9.8 bees/m²/5 min (Table 1) . As the day advanced, their activity declined to 7.8 bees/m²/5 min.
A similar trend was observed throughout the six weeks after flowering. Bee activity started from 9:00-11:00 am with 9.6, 13.8, 17, 10.4, 6.2 and 2.6 bees/m²/5 min, respectively. The peak activity of bees was noticed at 1:00-3:00 pm with 20. 8, 30.8, 41.2, 23.8, 12.6 and 7 bees/m²/5 min.
The total number of bees throughout the seven weeks of observations was 434.6 with an average of 62.08. Two peaks of the average number of bees/flower were noticed, the first one in the first week of observation, with 0.99 bees/flower, and the second one was in the sixth week after flowering with 0.88 bees/flower. The average number of bees per flower was 0.77.
The results of the second season showed the same trend as the previous one, table 1. A day after six mean flowers appeared, A. mellifera started foraging at 9:00-11:00 am with 0.4 bees/m²/5 min. Maximum activity was found at 1:00-3:00 pm with 3.2 bees/m²/5 min and it decreased to 0.2 bees/m²/5 min at 3:00-5:00 pm.
A similar trend was observed during the six weeks after flowering. Bee activity started from 9:00-11:00 am with 4.2, 6.2, 13, 11, 5.4 and 0.6 bees/m²/5 min, respectively. The peak activity of bees was noticed at 1:00-3:00 pm with 10. 6, 12.5, 21, 19.4, 9. 8 and 2.8 bees/m²/5 min. The least activity was found at 3:00-5:00 pm with * DAF= Days after flowering **Means followed by the same letter in a column are not statistically different by Tukey's HSD (P=0.05) 0.2, 5.0, 5.8, 10.6, 9.0, 3.8 and 0.4, respectively. The highest average number of bees/flower was noticed after thirty-eight days of flowering with 0.73 bees/flower. The results in Table 1 indicate that the foraging activity of A. mellifera recorded at different times of observation in the flowering season of 2012 was lower than it was in 2011.
Foraging activity of Ceratina tarsata on sesame
Small carpenter bee, Ceratina tarsata, started foraging activity in the 2011 season at 9:00-11:00 am of the first observation day (3 days after flowering) with 4 bees/m²/5 min, which was the lowest number of the day. Maximum activity was found at 1:00-3:00 pm with 9.6 bees/m²/5 min, and it decreased at 3:00-5:00 pm to 5 bees/m²/5 min.
Ten and 17 days after flowering, C. tarsata foraging was at its maximum during the 1:00-3:00 pm period with 14.5 and 20 bees/m²/5 min, followed by the period of 11:00 am-1:00 pm with 12 and 18.6 bees/m²/5 min, respectively. At 9:00-11:00 am, 7.2 and 11.4 bees/m²/5 min were found visiting sesame flowers, respectively, while 6.6 and 11.6 bees/m²/5 min were recorded at 3:00-5:00 pm.
In the last four observations, i.e. from the 24 th to 45 th day after flowering, C. tarsata foraging was at a maximum at 11:00 am-1:00 pm with 28.6, 22.6, 17.2 and 9.8 bees/m²/5 min, respectively. Total foraging activity of C. tarsata was 26 bees/m²/5 min in the 1 st week and it increased to 40.6, 61.6 and 81.0, bees/m²/5 min in the 2 nd , 3 th and 4 th weeks of observation. Then it decreased gradually over the last 3 weeks of observation with 67.2, 48.2 and 26.6 bees/m²/5 min as the sesame flowering period came to an end.
The total number of bees over the seven weeks of observation was 351.2, with an average of 50.17. Two peaks of the average number of bees/flower were noticed, the first one in the first week of observation with 1.08 bees/flower, and the second one was in the sixth week after flowering with 1.2 bees/flower. The average number of bees per flower was 0.75.
In the second season of 2012, C. tarsata started their foraging activity from 9:00-11:00 am of the first observation week. Two peaks of foraging activity were identified at the observation time of 11:00 am-1:00 pm and 1:00-3:00 pm during the seven weeks of the flowering period. After this the activity slowly decreased at 3:00-5:00 pm.
The total number of bees over the seven weeks of observations was 329.8 with an average of 47.1. One peak of the average number of bees/flower was noticed in the first week of observation with 1.2 bees/flower. The average number of bees per flower was 0.67.
Foraging activity of Osmia spp. on sesame
Foraging activity of Osmia spp. on sesame flowers was observed from 9:00 am to 5:00 pm from the third to the forty-fifth day after flowering during the growing seasons of 2011 and 2012. Foraging activity in the first week after the appearance of mean 6 flowers started at 9:00-11:00 am with 1.6 bees/m²/5 min and the maximum was reached at 1:00-3:00 pm with 7.2 bees/ m²/5 min (Table 3) . As the day advanced, the bee activity declined to 3.6 bees/m²/5 min at 3:00-5:00 pm.
In the last four observations from the 24 th to 45 th day after flowering, Osmia spp. foraging was at a maximum at 11:00 am-1:00 pm with 21.2, 19, 11.8 and 4.8 bees/ m²/5 min, respectively. Overall foraging activity of Osmia spp. was 19.2 bees/m²/5 min in the 1 st week and it increased to 49.8, 51.8 and 56.8 bees/m²/5 min in the 3 rd , 4 th and 5 th weeks of observation. Then it decreased gradually in the last 2 weeks with 32.6 and 10.4 bees/ m²/5 min as the sesame flowering period came to an end. The total number of bees in the seven weeks of observation was 259.8 with an average of 37.1. Two peaks of the average number of bees/flower were noticed, the first one in the first week of observation with 0.80 bees/ flower, and the second one was in the sixth week after flowering with 0.81 bees/flower. The average number of bees per flower was 0.50.
The results in Table 3 show the same trend as the previous Table ( 2). A day after the appearance of six mean flowers, Osmia spp. started foraging at 9:00-11:00 am with 0.2 bees/m²/5 min. Maximum activity was reached at 1:00-3:00 pm with 4.8 bees/m²/5 min and it decreased to 1.8 bees/m²/5 min at 3:00-5:00 pm.
A similar trend was observed in all of the six weeks after flowering. Bee activity started from 9:00-11:00 am with 1.4, 5, 8, 4.8, 3 and 1.4 bees/m²/5 min, respectively. But maximum activity of bees was noticed from 11:00 am-1:00 pm in all six weeks of the flowering period from the 10 th to 45 th day after flowering, with 9. 8, 11.8, 14.6, 8.4, 4.8 and 3.4 bees/m²/5 min, respectively. The highest average number of bees/flower was noticed after thirty-eight days of flowering with 0.39 bees/flower. The results in table 3 indicate that the foraging activity of Osmia spp. recorded at different times of observation throughout the flowering season of 2012 was lower than it was in the flowering season of 2011.
Foraging activity of Xylocopa pubescens on sesame
Data in Table 4 show the foraging activity of Xylocopa pubescens at different times of observation in the day. Maximum activity was noticed at 11:00 am-1:00 pm with a total number of 69.2 bees, and 9.8 bees as the average number of bees/m²/5 min, followed by the period 1:00-3:00 pm with the a total number of 61.6 bees, and 8.8 bees as the average number of bees/m²/5 min.
The lowest foraging activity of X. pubescens was noticed at 9:00-11:00 am and 3:00-5:00 pm with the same number of bees (4.6) as the average number of bees/m²/5 min. Total foraging activity of X. pubescens was 195.4 bees and the average number/m²/5 min was 27.9 bees. The average number of bees/flower ranged from 0.26 to 0.6 bees/flower during the seven weeks 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 9:00-11:00 am 11:00 am-1:00 pm 1:00-3:00 pm 3:00-5:00 pm of observation, and the average number of bees for 7 weeks was 0.58 bees/ flower. Maximum activity was noticed at 11:00 am-1:00 pm with 2. 6, 8.8, 12, 15.4, 15, 7.8 and 2 bees/m²/5 min (Table 4 ). The least activity was found at 1:00-3:00 pm with 0. 4, 1.2, 4.2, 4.2, 4.6, 1.2 and 0 .6 bees/m²/5 min. Also, the results in Table 4 revealed that the foraging activity of X. pubescens recorded at different times of observation throughout the flowering period of 2012 was lower (158.8 bees) than it was in 2011 (195.4 bees) . The average number of bees per flower was 0.26.
Comparative foraging activity of four different bee species
Comparative foraging activity of four different bee species indicated that the foraging activity commenced at 9:00-11:00 am with 7.8 bees/m²/5 min in the 2011 season and decreased to 5.6 bees/m²/5 min in 2012. The activity of bees gradually increased and reached its peak at 1:00-3:00 pm with 14.3 bees/m²/5 min in 2011, and at 11:00 am-1:00 pm with 10.2 bees/m²/5 min in 2012. The least activity of bees in the two successive seasons (2011 and 2012) was recorded at 3:00-5:00 pm with 7.5 and 5.7 bees/m²/5 min, respectively.
Among the bees, Apis mellifera was the predominant species with 14.6 bees/m²/5 min, followed by Ceratina tarsata with 12.5 bees/m²/5 min in the season of 2011.
The results were reverse in the season of 2012, Ceratina tarsata was the predominant species with 11.7 bees/m²/5 min, followed by Apis mellifera with 7.8 bees/m²/5 min.
Average number of bees per flower and average time spent per flower
The average number of bees of the four species foraging per flower was significantly different in the two seasons of this study. Maximum foraging efficiency was observed in Apis mellifera with 0.77 average number per flower, followed by Ceratina tarsata with 0.75 average number per flower. These results reversed in the second season of 2012, when maximum foraging efficiency was observed in C. tarsata with 0.67 average number per flower. These results clearly indicate that sesame flowers were a preferable floral resource to both A. mellifera and C. tarsata, in addition to their higher relative abundance in both seasons, compared to Osmia spp. and Xylocopa pubescens. Highly significant differences were detected among these four species regarding their average time spent per flower. The results clearly indicate that the average time spent per flower was relatively longer for the small carpenter bee C. tarsata, with 32.10 and 35.35 seconds/flower in both seasons, compared to Osmia spp. and A. mellifera. The least average time spent per flower was observed in X. pubescens with 6.70 and 5.05 seconds/flower in both seasons, respectively. 
DISCUSSION
Four species of bees, Apis mellifera, Ceratina tarsata, Osmia spp. and Xylocopa pubescens, were observed during their foraging activity on sesame flowers in the growing seasons of 2011 and 2012. Apis mellifera visitation was noticed from 9:00 am to 5:00 pm with a peak activity at 1:00-3:00 pm. Bee activity declined in the afternoon, reaching the lowest activity at 3:00-5:00 pm. The foraging activity of A. mellifera was seen throughout the flowering period. However, bee activity was highest on the 17 th , 24 th and 31 st day after initiation of flowering. On the 38 th and 45 th day, it decreased as the flowering period came to an end. The present results are consistent with a report by Mohanarao and Suryanarayana (1990) on Apis dorsata activity peaking at 9:00 and 16:00 h of the day. Peak activity of A. dorsata was observed at 12:00 and 16:00 h in a report by Guruprasad (2001) . Peak activity of A. dorsata on sunflower was reported at 11:00-12:00 h by Ahmed and Rehman (2002) .
The foraging activity of Ceratina tarsata was recorded throughout the day from 9:00 am to 5:00 pm during the seven weeks following the appearance of mean 6 flowers. In general, the peak daily foraging activity of small carpenter bee. C. tarsata was observed at 11:00 am-1:00 pm with 16.6 bees/m²/5 min in the first season and at 1:00-3:00 pm with 15.4 bees/m²/5 min in the second season. The next maximum activity was observed at 1:00-3:00 pm with 16.05 bees/m²/5 min in the first season and at 11:00 am-1:00 pm with 15.08 bees/ m²/5 min in the second season.
The foraging activity of Osmia spp. on sesame flowers was observed from 9:00 am to 5:00 pm, starting three days after flowering until 45 days after flowering during the growing seasons of 2011 and 2012. The to-tal number of bees during seven weeks of observation was 259.8, with 37.1 on the average, in 2011, and 155.4, with average 22.2, in 2012. The results shown in Table  ( 3) indicate that the foraging activity of Osmia spp. recorded at different times of observation throughout the flowering season of 2012 was lower than it was in 2011.
Xylocopa pubescens reached its maximum foraging activity during the season of 2011 at 11:00 am-1:00 pm, with the total number of 69.2 bees and 9.8 bees as the average number of bees/m²/5 min, while foraging activity was lower at 1:00-3:00 pm, with the total number of 61.6 bees and 8.8 bees as the average number of bees/ m²/5 min. Maximum activity was again noticed at 11:00 am-1:00 pm in the growing season of 2012, with 2. 6, 8.8, 12, 15.4, 15, 7 .8 and 2 bees/m²/5 min. These results are in agreement with Pando et al. (2011) , who reported Xylocopa calens as the most frequent species, followed by Chalicodoma cincta cincta and Apis mellifera. Xylocopa calens mainly foraged for nectar resources.
The average number of bees of the four species foraging per flower was significantly different in the two seasons of this study. Also, the average time spent per flower was highly significantly different among the four species. The results clearly show that the average time spent per flower was relatively longer for the small carpenter bee, C. tarsata, with 23.10 and 35.35 seconds/flower in both seasons, compared to Osmia spp. and A. mellifera. The least average time spent per flower was observed in X. pubescens with 6.70 and 5.05 seconds/flower in both seasons. These results are consistent with a report by Kamel (1997) .
Insect pollinators are most abundant on sesame flowers between 11:00 am and 1:00 pm and 1:00 and 3:00 pm. This is because nectar flow is especially copious in sesame crops at that mid-day period, while nectar concentration gradually decreases in later hours.
